The unsaturated fatty acid content of the dietary components and the composition of the diet used in Expt 3 are shown in Table I .
Expt I . Eight Large White x Essex piglets were weaned at 10 Ib and brought to 200 lb live weight, four on a diet containing 0*07y0 and four on a diet containing 0-5 yo of the calories as linoleic acid. For the last 5 weeks of the experiment the linoleic acid content of the diet of one pig on the low-fat diet was raised so that it supplied 0.5 yo of the calories. 9.6 0.6 * See Table 2 . Vol. 16
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Collection of blood and sanzpling of tissues Collection of blood. Samples were obtained from the ear vein, allowed to clot and centrifuged to obtain the serum.
Outer back-fat samples. Samples weighing 5 g were finely chopped and extracted with freshly distilled diethyl ether for 3 h in a Soxhlet apparatus. T o minimize oxidation, IOO mg of hydroquinone were added to the receiving flask and the extraction process was carried out in subdued light. The ether was distilled off under a stream of nitrogen, and the resulting lipid was dissolved in light petroleum (b.p. 6oo-8o0) , and the solution was stored at 0 ' .
Liver and heart samples. Samples weighing zog, free from adhering fat, were cut into small pieces with scissors and then ground up thoroughly in a pestle and mortar with sand, and transferred to a beaker. T o extract the lipid the tissue was boiled for z min with 40 ml ethanol and the extract filtered off, the process being repeated with the residue once with another 40 ml ethanol and twice with 40 ml diethyl ether. The extracts were bulked and taken almost to dryness under a stream of nitrogen. The lipid was then dissolved in 25 ml light petroleum (b.p. 6oo-8o0), and the solution was filtered and stored at 0 ' .
Analvtical methods
Solvents. Solvents were purified as previously described (Leat, 1961 a) . Chemical methods. The fatty acids of the tissue lipids were isolated by the method of Bottcher, Woodford, Boelsma-van Houte & van Gent (1959) . The fatty acids were analysed by alkali isomerization (Herb & Riemenschneider, 1953) and those of depot fat also by gas-liquid chromatography.
The fatty acids of the blood serum were extracted and determined by the method of Pikaar & Nijhof (1958) and also by gas-liquid Chromatography.
The methyl esters of the fatty acids for analysis by gas-liquid chromatography were prepared by refluxing the fatty acids for I h with anhydrous methanol containing 2 % (v/v) sulphuric acid. Hydroquinone ( I mg/Io mg fatty acid) was added to all refluxing solutions.
The methyl esters were separated at 190' on a column containing 10 % polyethylene glycol adipate on IOO-120 mesh Celite by means of a Pye Argon Chromatograph with a gOSr detector (W. G. Pye & Co. Ltd, Cambridge) .
R E S U L T S
Expt I
The pigs receiving 0.07 :h of the calories as linoleic acid had a pronounced scaliness of the skin, first noted after about 13 weeks on the diet (Pl. I u). The scaliness seemed to be confined to the dorsal surface and was most severe about the shoulders. The hair itself was dry and appeared to stand out from the skin at all angles. There was no loss or discoloration of the hair. I n contrast, the pigs receiving 0-5 yo of the calories as linoleic acid had little or no flakiness of the skin. The hair lay close to the skin and had a sleek, well-groomed appearance (Pl. I b).
There was no difference in rate of weight gain between the two groups, and at slaughter no abnormalities were noted in any of the carcasses or organs, except for a slight red rash along the backs of those pigs on the low-fat diet.
When the linoleic acid intake of one of the pigs on the low-fat diet was raised to supply 0.5 yo of the calories for the last 5 weeks of the experiment, this animal appeared to show some improvement in the condition of its skin whereas a control animal did not.
Expt 2 Weight gain was normal and the condition of the skin was considerably better than in the animals of the low-fat group in Expt I . The appearance of the skin was better in the animals penned in pairs than in those penned individually. The trienoic: tetraenoic acid ratios in the blood serum are shown in Table 3 . EXPt 3 All animals grew well, and there was no difference in rate of weight increase. The appearance of pigs nos. I and 2 was similar to that of the pigs fed on the low-fat diet in Expt I , but the scaliness of the skin was not as severe. The condition improved as the percentage of oil in the diet increased, but the flakiness of the skin did not entirely disappear, even though pig no. 6 was receiving 16yo olive oil in the diet and had obviously oily skin. At slaughter all organs appeared normal, and examination of the aortas revealed no lesions visible to the naked eye. The carcasses were accepted for human consumption.
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liver, heart and depot fat in Table 5 . The relationship between dietary linoleate and the polyunsaturated fatty acids of various tissues is shown in Fig. I . The variation of the ratio, trienoic: tetraenoic acids in serum with age is shown in Fig. 2 , and the fatty acid composition of depot fat estimated by gas-liquid chromatography is recorded in Table 6 . Skin lesions are not a good criterion of EFA status, being variable and non-specific. In Expt 3, for example, although two pigs were receiving substantially the same basal diet, low in fat, as used in Expt I, the dermatitis noted was much less severe. Also, the pig receiving 16 yo olive oil, although considerably improved in appearance, was not free from flakiness of the skin. Whether the animals are penned individually or in groups may be of some importance. I n Expt 2, for instance, the skin condition was noticeably better in those pigs penned in pairs than in those penned individually. Keeping animals in close proximity with each other may prevent dermatitis becoming apparent as a result merely of physical contact.
D I S C U S S I O N
Rate of wezglzt gain and skin signs
Unsaturated fatty acids of serum, liver and heart A more specific criterion of EFA deficiency is the rise in the content of eicosatrienoic acid in tissue lipids. Holman (1960) has suggested that the ratio, trienoic: tetraenoic acids is a good index of EFA status and has shown that in rats a ratio higher than 0.4 indicates that the minimum dietary requirement of linoleate has not been met.
In Expt 2 the mean ratio at the half-way stage was 2'79 and at slaughter 2.45. It would seem therefore that, if this ratio is valid for pig nutrition, a dietary level of linoleate providing 0.18% of the calories is insufficient to prevent this metabolic lesion.
I n Fig. I the trienoic: tetraenoic ratios of various tissues from pigs in Expt 3 are plotted against dietary linoleate. On the hyperbolic curve obtained, the leg for the high ratio represents an insufficiency of linoleate, and the leg for the low ratio represents adequate dietary linoleate. The shape of the curve is the same for serum, liver and heart, although the serum curve is displaced upwards because of the lower content of tetraenoic acid. T h e curve for serum trienoic: tetraenoic acid ratios obtained by alkali isomerization is similar to that for eicosatrienoic : arachidonic acid ratios obtained by gas-liquid chromatography, indicating that values obtained by the less specific method are valid.
I n all curves plotted from results obtained by alkali isomerization, the greatest change in the shape occurs at about I yo of the calories, which would indicate that at least I % of the calories must be supplied as linoleate to prevent the metabolic lesion from developing. This suggestion is supported by the fact that the curves flatten out sharply above I %, and there is little difference between the trienoic:tetraenoic ratio at 1 % and at 3'5% of the calories. However, the change in the slope of the curve obtained from gas-liquid chromatography values is less sharp and does not flatten out before the values for about 2% of the calories. Also, the absolute values for trienoic acid and eicosatrienoic acid were lower in tissues of the pig receiving 3.5 yo of its calories as linoleate than in those of the one receiving 0.95 % (Tables 4 and 5 ).
These findings indicate that the requirement of the pig for linoleic acid is, in terms of calorie supply, somewhat higher than I yo but probably less than 2%.
The fatty acid values for serum obtained by alkali isomerization were in fair agreement with those obtained by gas-liquid chromatography. T h e trienoic acid value Vol. 16 EFA in pig nutrition 567 agreed well with the sum of the values for eicosatrienoic acid and linolenic acid, but the value for dienoic acid was about 50% lower than that for linoleic acid, and that for tetraenoic acid about 40% higher than for arachidonic acid. However, in the alkali isomerization method constants used for linolenic acid may not be applicable for eicosatrienoic acid.
Trienoic: tetraenoic acid ratio of serum in relation to age From Fig. 2 it will be seen that the triene:tetraene ratio at 24 weeks is not a true reflection of the EFA status throughout the experiment. Thus, at the end of the experiment the ratios for pigs nos. 5 and 6 were almost the same, whereas at 12 weeks they differed considerably. I n all animals, except pig no. 6, the ratio reached a peak at about 12-16 weeks and then either reached a plateau or fell, the maximum value being related to the dietary linoleate. It would therefore appear that the requirement of the pig for EFA is not constant throughout growth, but is maximal in the first 16 weeks of life: I % of the calories as linoleate is sufficient to prevent the metabolic lesion from developing when the first 24 weeks of life are examined in entirety but is not sufficient over the first 16 weeks' period. Except for pigs nos. I and 2, the level of dietary linoleate was sufficient to cause a reduction in the triene: tetraene ratio after 12 weeks. I n pigs nos. I and 2 the dietary level was sufficient only to cause the ratio to reach a plateau. When the triene:tetraene ratio is used to assess EFA status, it is therefore important to take the age of the animal into account. A possible explanation for the decreased requirement of the pig for EFA after 12-16 weeks is that after approximately IOO lb live weight the pig deposits proportionately more fat and less muscle than it does up to IOO lb. Arachidonic and eicosatrienoic acids are confined mainly to the phospholipids (Leat, unpublished results) , of which the content is greater in muscle than in adipose tissue.
Fatty acid content of depot f a t
T h e rise in trienoic acid content noted in the lipids of serum, liver and heart of pigs in Expt 3 was not found in samples of depot fat. Increasing the level of olive oil in the diet caused a noticeable rise in iodine value and dienoic acid content of depot fat, but only slight increases in the levels of trienoic and tetraenoic acids. T h e perinephric fat was more saturated than back fat, with a lower iodine value.
Gas-liquid chromatographic analysis confirmed these findings on alkali isomerization. There was a complete absence of eicosatrienoic acid from both back fat and perinephric fat, and the small amount of trienoic acid detected by alkali isomerization could be accounted for as linolenic acid. Arachidonic acid was absent from all samples except that from pig no. 6, which contained 0.25 % in back fat and 0.15 % in perinephric fat. The content of linoleic acid agreed well with values for dienoic acid obtained by alkali isomerization. Perinephric fat was more saturated than back fat, and contained more palmitic and stearic acids and less oleic and linoleic acids. Increasing the dietary level of olive oil caused a rise in the content of oleic and linoleic acids at the expense of palmitic, palmitoleic and stearic acids.
Fatty acids containing sixteen and eighteen carbon atoms accounted for 95% of the fatty acids of adipose tissue. Less than 2 % consisted of fatty acids containing more than eighteen carbon atoms. T h e minor fatty acids were lauric, myristic, myristoleic and odd-numbered fatty acids containing fifteen and seventeen carbon atoms.
These results should be compared with those of Kingsbury, Paul, Crossley & Morgan (1961) for human fat, who found that the trienoic:tetraenoic ratio, as determined by alkali isomerization, was higher in the body fat of atheromatous than in that of normal human subjects. These authors tentatively suggested that it indicated an insufficiency of EFA. The results of my experiments on acute EFA deficiency in pigs do not support this suggestion. Although a trienoic acid was detected in depot fat by alkali isomerization, it represented not the eicosatrienoic acid synthesized in EFA deficiency, but probably dietary linolenic acid.
S U M M A R Y
I. T h e essential fatty acid (EFA) requirement of the pig has been investigated by rearing pigs from 10 to 200 lb live weight on diets containing various amounts of linoleic acid given as olive oil.
2. Linoleate was included in the diet in amounts to supply from 0.07 % to 3.50 yo of the calories, but no difference in growth rate or efficiency of food conversion was noted, although the condition of the skin was affected.
3. By using the ratio, trienoic: tetraenoic acids as an index of EFA status, it has been shown that up to 200 lb live weight the pig requires about I % of its calories as linoleic acid.
4.
The requirement of the pig for linoleic acid was found to vary with age and was maximal up to 12-16 weeks of age, when it began to decline.
5.
Of the fatty acids from depot fat, 95 yo consisted of acids containing sixteen or eighteen carbon atoms, and only 2 % had longer chains. Odd-numbered fatty acids containing fifteen or seventeen carbon atoms were detected. The eicosatrienoic acid found in the tissue lipids from animals deficient in linoleic acid was absent from depot fat. Arachidonic acid was either absent or present in very small amounts. 
